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(57) ABSTRACT 

There is provided a bipolar transistor integrated circuit 

device having excellent characteristics by a simple process. 

A region Where an impurity is not introduced is disposed in 

a part of a buried layer region for separating a collector 

region from a substrate, so that a bipolar transistor having 

loW collector resistance can be formed. This can be applied 

also to a BiCMOS Where insulated ?eld effect transistors 

exist on the same substrate. These processes can be realized 

Without adding a number of steps to a conventional process. 

6 Claims, 4 Drawing Sheets 
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METHOD OF MANUFACTURING A 
BIPOLAR TRANSISTOR 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a method of manufactur 

ing a bipolar semiconductor device and a semiconductor 
integrated circuit device in Which bipolar type and MIS type 
semiconductor devices are formed on the same substrate, 
and relates to a semiconductor integrated circuit device 
including a poWer supply semiconductor integrated circuit 
device having a constant voltage output function or constant 
current output function. 

2. Description of the Related Art 
Conventionally, in the Whole region or part of a semicon 

ductor substrate using an epitaxial groWth ?lm, a buried 
layer is provided under the epitaxial groWth ?lm. The buried 
layer is used for loWering the on resistance of a device 
formed over the buried layer and for improving a soft error 
and latch-up resistance. When NPN and PNP vertical bipolar 
transistors are formed on the same semiconductor substrate, 
for the purpose of electrically isolating a PNP type collector 
region from a substrate region, there is a case Where an 
N-type buried layer region is additionally formed betWeen 
the collector region and the substrate region. By doing so, 
the collector of the vertical PNP bipolar transistor can have 
an arbitrary potential. 

Here, as a step of forming the N-type region for isolation, 
there are tWo methods, one of Which is to use, as shoWn in 
FIGS. 4A to 4C, a step of introducing an N-type impurity 
having a high concentration, originally carried out for form 
ing a collector region of the NPN bipolar transistor, and the 
other of Which is to add a step of forming an N-type region 
having a relatively loW concentration in addition to the 
former step. 

HoWever, When the N-type buried layer region formed to 
electrically isolate the PNP type collector region from the 
substrate region is used also as the NPN type collector 
region as shoWn in FIGS. 4A to 4C, since this N-type region 
has a high concentration, it is dif?cult to raise the concen 
tration of a P-type region 3 formed on this region in a 
subsequent step. That is, the resistance of the PNP type 
collector region becomes high. If the concentration of the 
N-type region is made loW, the resistance of the NPN type 
collector region becomes high reversely. On the other hand, 
When the N-type region is formed through the additional 
step, the number of masks and process steps is increased. 

SUMMARY OF THE INVENTION 

The present invention has been made in vieW of the 
above, and an object of the invention is to provide a method 
of manufacturing a semiconductor device, Which enables a 
bipolar transistor With higher performance than the prior art, 
Without an increase in the cost, and With high additional 
value to be formed. 

BRIEF DESCRIPTION OF THE DRAWINGS 

In the accompanying draWings: 
FIGS. 1A to 1D are sectional vieWs shoWing a method of 

manufacturing a bipolar transistor according to an embodi 
ment of the invention; 

FIGS. 2A to 2B are sectional vieWs shoWing steps sub 
sequent to the steps shoWn in FIGS. 1A to 1D; 

FIG. 3 is a plan vieW shoWing a step of a method of 
manufacturing a bipolar transistor according to an embodi 
ment of the invention; and 
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2 
FIGS. 4A to 4C are sectional vieWs shoWing a conven 

tional method of manufacturing a bipolar transistor. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Embodiments of the present invention Will be described 
beloW With reference to the draWings. In the draWings, for 
simplicity, the thicknesses of various layers are exaggerat 
ingly shoWn. 

FIGS. 1A to 1D and 2A to 2B are schematic sectional 
vieWs of sequential steps shoWing an embodiment of a 
semiconductor device according to a manufacturing method 
of the invention, and FIG. 3 is a plan vieW shoWing an 
embodiment of a semiconductor device according to a 
manufacturing method of the invention. 
As shoWn in FIG. 1A, to a silicon semiconductor substrate 

100, for example, a silicon semiconductor substrate having 
a P-type conductivity type and a resistivity of 20 to 30 Q-cm, 
an N-type conductivity type impurity, for example, arsenic 
is introduced into a speci?c region of a region 101 Where a 
bipolar transistor is formed in a subsequent step (not shoWn), 
to have a concentration of 1><1016 atoms/cm3 to 1><1021 
atoms/cm3. At this time, a region 104 Where the impurity is 
not introduced is provided in a part of a region 105 Where the 
impurity is introduced, and the region 105 Where the impu 
rity is introduced is formed so as to surround the region 104 
Where the impurity is not introduced. In other Words, a 
WindoW Where the impurity is not introduced is opened in 
the inside of the impurity introduced region. One or plural 
regions are provided as the region 104 Where the impurity is 
not introduced. For example, in the case Where plural 
regions are provided, the regions are formed as shoWn in 
FIG. 1B and FIG. 3. In FIG. 3, although the region 104 
Where the impurity is not introduced is rectangular, it may be 
circular. The region 104 Where the impurity is not introduced 
is disposed at a position from a region just under an emitter 
region of a bipolar transistor formed in a subsequent step 
(not shoWn) to a region just under a collector electrode 
region. 

For the purpose of electrically isolating a collector of a 
device formed in an epitaxial groWth ?lm 103 from the 
substrate and improving a soft error and latch-up resistance, 
the introduction amount of the impurity is made preferably 
1><1019 atms/cm3 to 5><1020 atms/cm3, more preferably 
1><1021 atms/cm3. Thereafter, as shoWn in FIG. 1C, for 
example, boron is doped in the inside of the region Where 
arsenic Was introduced. For example, the dose amount of 
boron is 1><1014 to 3><1014 atms/cm2. 

Thereafter, the doped impurity is diffused into the silicon 
semiconductor substrate 100 by an annealing step. At this 
point of time, as shoWn in FIG. 1D, the N-type impurity 
region 105 is diffused to the region 104 Where the impurity 
Was not introduced, so that such a shape is made that a 
p-type impurity region 106 is completely surrounded in the 
N-type impurity region 105. Thereafter, as shoWn in FIG. 
2A, on the silicon semiconductor substrate 100, the epitaxial 
groWth ?lm 103, for example, an N-type conductivity type 
CVD epitaxial groWth ?lm using SiHZCl2 and PH3 as a gas 
source is formed to have a resistivity of 2 Q-cm and a ?lm 
thickness of 8 pm. Further, as shoWn in FIG. 2B, a P-type 
impurity, for example, boron is introduced into the N-type 
epitaxial region on the region Where boron Was introduced, 
and is thermally diffused to be connected With the P-type 
region 106 introduced prior to the epitaxial groWth, so that 
a collector region of a PNP bipolar transistor is formed. 
Eventually, since the region 104 Where the N-type impurity 
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Was not introduced is provided in advance, the P-type 
impurity concentration becomes hard to cancel, so that the 
P-type impurity region 106B can be made a layer With a loW 
resistance. 

From the above, the PNP bipolar transistor having loW 
collector resistance and high performance can be formed 
Without increasing the number of masks and steps. By 
suitably changing the area and shape of the region 104 Where 
an impurity is not introduced, an interval betWeen the 
regions 104 Where the impurity is not introduced, and a 
layout position While suf?ciently taking collector resistance 
and parasitic bipolar effects into consideration, a transistor 
having desired characteristics can be easily formed. 
As described above, the invention has effects that a 

bipolar transistor having eXcellent electric characteristics 
and a BiCMOS integrated circuit device can be formed 
Without adding a number of complicated processes. 
What is claimed is: 
1. A method of manufacturing a bipolar transistor com 

prising a step of forming a part of a bipolar transistor on a 
substrate layer made of a ?rst conductivity type semicon 
ductor material, the method comprising: 

a step of doping a speci?c region on an upper surface of 
the semiconductor substrate layer With a second con 
ductivity type impurity; 

a step of doping a speci?c region on an upper surface of 
the region, Which Was doped With the second conduc 
tivity type impurity, With a ?rst conductivity type 
impurity; 

a step of diffusing the second conductivity type impurity 
doped in the semiconductor substrate layer and the ?rst 
conductivity type impurity doped in the speci?c region 
on the upper surface of the second conductivity type 
impurity region into the semiconductor substrate; and 

a step of forming a second conductivity type epitaXial 
layer on the upper surface of the semiconductor sub 
strate layer, 

Wherein With respect to the speci?c region on the ?rst 
conductivity type semiconductor substrate layer, which 
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is doped With the second conductivity type impurity, a 
region not doped With the second conductivity type 
impurity is provided inside of the speci?c region doped 
With the second conductivity type impurity, and the 
speci?c region doped With the second conductivity type 
impurity is formed to surround the region not doped 
With the second conductivity type impurity. 

2. A method of manufacturing a semiconductor device 
according to claim 1, Wherein the second conductivity type 
impurity is introduced into the speci?c region on the ?rst 
conductivity type semiconductor substrate layer so that at 
least tWo regions Which are not doped With the second 
conductivity type impurity eXist in the speci?c region doped 
With the second conductivity type impurity. 

3. A method of manufacturing a semiconductor device 
according to claim 1, Wherein the second conductivity type 
impurity is introduced into the speci?c region on the ?rst 
conductivity type semiconductor substrate layer so that at 
least tWo regions Which are not doped With the second 
conductivity type impurity are arranged in parallel With each 
other and at an equal interval. 

4. A method of manufacturing a semiconductor device 
according to claim 1, Wherein the second conductivity type 
impurity is introduced into the speci?c region on the ?rst 
conductivity type semiconductor substrate layer so that at 
least tWo regions Which are not doped With the second 
conductivity type impurity are arranged in parallel With each 
other and at an equal interval in an X-aXis direction and a 
Y-aXis direction. 

5. A method of manufacturing a semiconductor device 
according to claim 1, Wherein the region not doped With the 
second conductivity type impurity in the speci?c region 
doped With the second conductivity type impurity is located 
at a place from an emitter region of the bipolar transistor to 
a region vertically beloW a collector surface electrode. 

6. A method of manufacturing a semiconductor device 
according to claim 1, Wherein a dose amount of the second 
conductivity type impurity is 1><1015 atoms/cm2 or more. 

* * * * * 


